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Conclusions. The findings of this study suggest that hyperin-Effect of hyperinsulinemia on renal function in a general Japa-
sulinemia is a significant relevant factor of renal function innese population: The Hisayama study.
the general population.Background. Insulin resistance and hyperinsulinemia in-
duce glomerular hypertension and hyperfiltration, which may
result in glomerulosclerosis. However, the relationship be-
tween hyperinsulinemia and renal function is uncertain. Insulin resistance and compensatory hyperinsulinemia
Methods. To elucidate whether hyperinsulinemia plays a sig-
are considered to be the underlying features of a clusternificant part in the initiation and development of renal dysfunc-
of cardiovascular risk factors such as hypertension [1, 2],tion, we examined in 1988 the relationship between serum
diabetes mellitus [3, 4], and dyslipidemia [5], as wellinsulin and renal function on data from a cross-sectional com-
munity survey conducted among residents from Hisayama as closely associated with an advancing atherosclerotic
Town, Japan, who were aged 40 to 79 years old. A total of process, especially coronary artery disease [6, 7]. Hyper-
1065 men (72.0% of the total population in the same age range) insulinemia also affects renal hemodynamics. It increases
and 1381 women (79.0%) without renal failure (creatinine renal plasma flow and the glomerular hydrostatic pres-clearance of more than 30 ml/min) underwent a comprehensive
sure gradient leading to an increase of the glomerularexamination, including a 75 g oral glucose tolerance test.
filtration fraction [8–10]. Furthermore, it is well knownResults. The correlation analysis showed that serum insulin,
blood pressure, total cholesterol, low-density lipoprotein cho- that hyperinsulinemia and glucose intolerance are com-
lesterol, triglycerides, and body mass index were all negatively mon in uremic patients [11, 12]. However, little is known
correlated with the reciprocal of serum creatinine level (P , about how insulin resistance and hyperinsulinemia affect
0.01), and alcohol intake was positively correlated (P , 0.05) in renal function and what role they play in the develop-both sexes. High-density lipoprotein cholesterol and smoking
ment of renal dysfunction.habits were positively correlated (P , 0.05) in men. When the
To clarify whether hyperinsulinemia plays a significantsubjects were divided into quartiles based on the sum of fasting
role in the initiation of renal dysfunction, we conductedand two-hour postloading insulin levels, the averages of the
reciprocal of serum creatinine were significantly lower in the a cross-sectional community survey among residents of
fourth quartile (0.90 6 0.10 for men and 1.10 6 0.14 for women) Hisayama Town, Japan, and investigated the relationship
compared with the lowest quartile (0.95 6 0.12 and 1.13 6 0.13, between hyperinsulinemia and renal function estimated
respectively) in both sexes (P , 0.05). In multiple regression
by both the reciprocal of serum creatinine and creatinineanalysis, the correlation between the sum of insulin levels and
clearance in subjects with normal renal function.the reciprocal of serum creatinine remained significant even
after controlling for age, sex, body mass index, blood pressure,
total cholesterol, high-density lipoprotein cholesterol, low-den-
METHODSsity lipoprotein cholesterol, triglycerides, alcohol intake, and
smoking habits. We could not find appropriate correlations of Study population
creatinine clearance calculated by the Cockcroft-Gault formula
The Hisayama Study, an epidemiological study ofwith the covariates including serum insulin.
cerebrovascular and cardiovascular diseases, was estab-
lished in 1961 in Hisayama Town, a subrural community
adjacent to Fukuoka City, a metropolitan area of KyushuKey words: insulin resistance, hypertension, hyperfiltration, glomerulo-
sclerosis, serum creatinine. Island in southern Japan. As a part of the survey, be-
tween 29 June and 14 November 1988 we conducted aReceived for publication January 26, 1998
cross-sectional examination among Hisayama residentsand in revised form January 14, 1999
Accepted for publication January 14, 1999 aged 40 to 79 years old. The town population, based on
data from the national census, was shown to be represen- 1999 by the International Society of Nephrology
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tative of Japan as a whole [13]. The enrollment criteria, Serum creatinine concentration was measured by
Jaffe’s method using an autoanalyzer (TBA-80S; Tosh-characteristics of the study population, and the overall
design of the study have been described in detail else- iba Inc., Tokyo, Japan). Creatinine clearance was calcu-
lated using the Cockcroft-Gault formula. The plasmawhere [13]. Briefly, of a total of 3227 residents aged 40
to 79 years old, 2587 (80.2%) consented to participate glucose concentration was determined by the glucose-
oxidase method using a Glucoroder-MK2 (A&T Inc.,in the examination. Of these, 2480 individuals (1073 men
and 1407 women) underwent a comprehensive assess- Tokyo, Japan). The glycated hemoglobin levels were
measured by the high-pressure liquid chromatographyment, including a fasting 75 g oral glucose tolerance test,
and provided data for the following analysis. Ten diabetic method using an autoanalyzer (normal range of 4.4 to
6.3%). Serum insulin levels were measured using a com-subjects on insulin therapy and 34 subjects with overt
renal failure (creatinine clearance equal to or less than mercial double-antibody solid-phase radioimmunoassay
(Phadeseph Insulin; Pharmacia Diagnostics AB, Upp-30 ml/min) were excluded from this study. Finally, 1065
men and 1381 women were enrolled to this study. sala, Sweden). The total cholesterol, high-density lipo-
protein (HDL) cholesterol, and triglycerides were all
Risk factors determined enzymatically using the same autoanalyzer.
The determination of HDL cholesterol was carried outA self-administered questionnaire concerning previ-
ous medical history, family history, current medical treat- after the precipitation of very low-density lipoprotein
(VLDL) and low density lipoprotein (LDL) with dextranment, smoking habits, and alcohol intake was completed
in advance by each participant and was checked by sulfate and magnesium. LDL cholesterol was calculated
using the Friedewald formula.trained nurses at screening. Smoking habits were classi-
fied into five categories by the number of cigarettes
Statistical methodssmoked per day as follows: 0, 1 to 9, 10 to 19, 20 to 29,
or 301 cigarettes per day. Ex-smokers were included as The sum of the fasting and two-hour postloading insu-
nonsmokers. Alcohol intake was converted into daily lin levels was used as an index of insulinemia. Among the
equivalent ethanol and was classified into four categories variables, age, blood pressure, body mass index, insulin,
according to the amount of ethanol consumed per day lipid, reciprocal of serum creatinine and creatinine clear-
as follows: 0, 1 to 29, 30 to 59, or 601 g/day. An ex- ance levels were all taken in the analysis as continuous
drinker was regarded as a nondrinker. Body height and variables. Smoking habits and alcohol intake were ana-
weight were measured in light clothing without shoes, lyzed as categorical variables. To correct for skewed
and the body mass index was calculated as weight in distribution, the insulin and triglyceride concentrations
kilograms divided by height in meters squared. Blood were transformed to logarithms. Mean values of recipro-
pressure was measured three times after having rested cal of serum creatinine, creatinine clearance, and its rele-
for at least five minutes using a standard mercury sphyg- vant factors were compared using Student’s t-test. The
momanometer with the subjects in the sitting position. frequencies of the categorical valuables were compared
Korotkoff phase V was used to determine diastolic pres- using a chi-square test. The relationships of the recipro-
sure unless the sounds persisted at zero, in which case cal of serum creatinine and creatinine clearance with
Korotkoff phase IV was recorded. The mean of three other factors were evaluated by either Pearson or Spear-
measurements was used for the analysis. Study physi- man correlation coefficients. The difference in the multi-
cians performed a physical examination on all partici- ple comparisons of the mean values of the reciprocal of
pants and rechecked their medical history. serum creatinine was evaluated by the Bonferroni’s
t-test. Furthermore, the stepwise multivariate regression
Laboratory analysis analysis was performed with P of less than 0.05 being
Blood samples were collected from an antecubital vein required for entry into the model and remaining there.
after an overnight fast for the determination of the serum Statistical analyses were carried out using the SAS pro-
creatinine, insulin, lipid, and plasma glucose levels. After gram package [14]. A P of less than 0.05 was considered
the fasting blood specimen had been taken, a 75 g oral statistically significant. All continuous variables were ex-
glucose test was performed with a 75 g glucose equivalent pressed as mean 6 sd.
carbohydrate load (Trelan G; Shimizu Pharmaceutical
Inc., Shimizu, Japan) between 0800 and 1030 hours. At
RESULTS120 minutes after ingestion of the solution, a blood sam-
The clinical characteristics of the subjects on entry areple was obtained for the determination of postloading
shown by sex in Table 1. The mean age was 56 years forserum insulin and glucose levels. These specimens were
men and 57 years for women, with the difference nottransferred immediately in ice-cooled containers to the
being significant. The mean serum creatinine and creati-central study laboratory (Japan Medical Laboratory Inc.,
Fukuoka, Japan) and were analyzed within 24 hours. nine clearance levels were significantly higher in men
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Table 1. Characteristics of the subjects by sex, Hisayama residents, (P , 0.05), whereas only the two-hour postloading glu-
40–79 years old, 1988
cose level was negatively correlated in women. More-
Men Women over, there was no relationship between glycated hemo-
Variables (N 5 1,065) (N 5 1,381) globin levels and the reciprocal of serum creatinine in
Age years 56610 57610 both sexes. On the other hand, serum insulin, diastolic
Serum creatinine mg/dl 1.160.1a 0.960.1
blood pressure, body mass index, and alcohol intakeReciprocal of serum creatinine 0.9 60.1a 1.160.1
Creatinine clearance ml/min 65.8616.4a 56.9614.3 showed positive correlations with creatinine clearance
Serum insulin pmol/liter level, and age and systolic blood pressure did show nega-
Fasting 39625 40629
tive correlations in both genders. Among these variables,Two hr postload 223 6211a 2446200
Sum of insulin 262 6225a 2856216 age and body mass index had especially high correlation
Plasma glucose mmol/liter coefficients. In addition, triglycerides and smoking habits
Fasting 5.9061.17a 5.6961.20
were positively correlated with creatinine clearance, andTwo hr postload 7.70 63.92 7.4163.20
Hemoglobin A1c % 5.660.8a 5.560.7 HDL cholesterol was negatively correlated in men,
Systolic blood pressure mm Hg 134620a 131620 whereas glycated hemoglobin showed positive correla-
Diastolic blood pressure mm Hg 81611a 76611
tion with creatinine clearance, and total cholesterol, LDLTotal cholesterol mmol/liter 5.1161.07a 5.5661.06
HDL cholesterol mmol/liter 1.2660.31a 1.3460.29 cholesterol, and triglycerides did show negative correla-
LDL cholesterol mmol/liter 3.0861.13a 3.6661.00 tions in women. We also estimated age-adjusted interac-
Triglycerides mmol/liter 1.6761.48a 1.2160.76
tions between sex and other explanatory variables andBody mass index kg/m2 22.962.9 23.1 63.2
Alcohol intake % 62a 9 found a significant difference between only sex and body
Smoking habits % 52a 7 mass index.
Variables are expressed as mean 6 sd or percent. Abbreviations are: HDL, Figure 2 represents the mean values of the reciprocal
high density lipoprotein; LDL, low density lipoprotein.
of serum creatinine by the quartiles of the sum of fastinga P , 0.05 vs. women
and two-hour postload insulin levels. The mean values
of the reciprocal of serum creatinine in the fourth
quartile were 0.90 6 0.10 in men and 1.10 6 0.14 in
than in women (P , 0.05), whereas the reciprocal of women, respectively, and were significantly lower than
serum creatinine was significantly higher in women (P , those in the first quartile (0.95 6 0.12 and 1.13 6 0.13,
0.05). There were no significant differences in the aver- respectively, P , 0.05). However, there was no signifi-
age fasting serum insulin, two-hour postloading plasma cant difference in the reciprocal of serum creatinine lev-
glucose, and body mass index levels between the sexes. els among glucose intolerance status (data not shown).
Fasting plasma glucose, glycated hemoglobin, systolic The factors found to be significantly related to the
and diastolic blood pressures, and triglyceride levels reciprocal of serum creatinine and creatinine clearance
were significantly higher in men, whereas two-hour post- by stepwise multiple regression analysis are shown in
loading insulin, the sum of fasting, and two-hour post- Table 3. The sum of fasting and two-hour postload insulin
loading insulin, total cholesterol, HDL cholesterol, and levels were significantly correlated with both the recipro-
LDL cholesterol levels were significantly higher in cal of serum creatinine and creatinine clearance levels
women. The frequencies of smoking habits (one cigarette independent of all other variables. Among other relevant
or more per day) and alcohol intake (current drinking) factors assessed, systolic blood pressure and total choles-
were all significantly higher for men compared with terol were negatively correlated with both reciprocal of
women. serum creatinine and creatinine clearance (P , 0.05),
Figure 1 shows the frequency distribution of the recip- and alcohol intake was positively correlated (P , 0.01).
rocal of serum creatinine and creatinine clearance levels However, male gender and body mass index were nega-
by sex. The distributions were unimodal and skewed tively correlated with the reciprocal of serum creatinine,
toward the upper levels in both sexes. Thus, these values whereas these factors had inverse relationships to creati-
were transformed to logarithms in the following analyses. nine clearance. In addition, the triglyceride level was
We estimated simple correlation coefficients of the negatively correlated with the reciprocal of serum creati-
relevant variables with the reciprocal of serum creatinine nine, and age showed a negative correlation with creati-
and creatinine clearance levels by sex (Table 2). In both nine clearance. The interaction between sex and body
sexes, serum insulin, systolic and diastolic blood pres- mass index was not significant after the adjustment for
sures, total cholesterol, LDL cholesterol, triglycerides, other covariates (P 5 0.07).
and body mass index were all negatively correlated with
the reciprocal of serum creatinine levels, and alcohol
DISCUSSIONintake was positively correlated (P , 0.05). In addition,
HDL cholesterol and smoking habits were positively cor- To our knowledge, this is the first report on the rela-
tionship between insulinemia and renal function in therelated with the reciprocal of serum creatinine in men
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Fig. 1. Frequency distributions of the recip-
rocal of serum creatinine and creatinine clear-
ance levels in Hisayama residents by sex, 40
to 79 years old, taken during a 1988 survey.
(A and B) Men; (C and D) women.
Table 2. Correlation coefficients of reciprocal of serum creatinine sex, hypertension, dyslipidemia, and body mass index.
(1/SCr) and creatinine clearance (CCr) levels with other variables Recently, several experimental and clinical studies haveby sex, Hisayama residents, 40–79 years old, 1988
shown that insulin resistance and hyperinsulinemia af-
Men (N 5 1,065) Women (N 5 1,381) fected glomerular hemodynamics [8–10]. Cohen, Mc-
Variables 1/SCr CCr 1/SCr CCr Carthy, and Stoff, in an experiment with isolated rat
Age 20.058 20.753a 20.055b 20.698a kidney, indicated that perfusion of physiological concen-
Serum insulin trations of insulin induced both renal vasodilation and
Fasting 20.175a 0.239a 20.082a 0.215a
increased the glomerular filtration rate by a prostaglan-Two hr postload 20.163a 0.127a 20.103a 0.037
Sum of insulin 20.177a 0.146a 20.107a 0.060b din-dependent process [8]. In conditions of acute hyper-
Plasma glucose insulinemia, by administration of exogenous insulin in
Fasting 20.019 0.028 20.043 20.035
normal rats, renal plasma flow and the glomerular hydro-Two hr postload 20.023 20.003 20.064b 20.027
Hemoglobin A1c 20.018 20.042 0.039 0.032a static pressure gradient increased significantly because
Systolic blood pressure 20.090a 20.079a 20.090a 20.143a of more dilation of afferent arterioles than efferent onesDiastolic blood pressure 20.091a 0.270a 20.078a 0.162a
[9]. A clinical study with older mild hypertensive patientsTotal cholesterol 20.128a 0.052 20.093a 20.109a
HDL cholesterol 0.102a 20.080a 0.029 20.030 also reported a positive association between the degree
LDL cholesterol 20.110a 20.032 20.076a 20.093a of insulin resistance estimated by the glucose-clamp tech-Triglycerides 20.115a 0.212a 20.098a 20.062b
nique and the elevation of the glomerular filtration frac-Body mass index 20.171a 0.556a 20.080a 0.517a
Alcohol intake 0.147a 0.176a 0.065b 0.096a tion and the resultant glomerular hyperfiltration [10].
Smoking habits 0.072b 0.099a 0.016 0.031 These findings suggest that insulin resistance and hyper-
Serum insulins and triglycerides were transformed to logarithms. insulinemia cause glomerular hypertension and hyperfil-a P , 0.01, b P , 0.05
tration, which may predispose an individual to progres-
sive glomerulosclerosis, resulting in renal dysfunction.
Another possible explanation for the insulin-renal
function relationship is that hyperinsulinemia indirectlygeneral population. Our findings demonstrate that serum
damages the kidney via systemic atherosclerosis. Theinsulin levels are significantly related to renal function
concept of insulin resistance syndrome has been devel-in healthy subjects without renal failure, even after tak-
ing into account other relevant variables such as age, oped considerably since its introduction by Reaven in
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Table 3. Final outcome of multiple regression analysis of factors
relevant to reciprocal of serum creatinine (1/SCr) and creatinine
clearance (CCr), Hisayama residents, 40–79 years old, 1988
1/SCr CCr
Variables b F b F
Sum of insulin pmol/liter 20.068 10.0a 20.017 13.7a
Systolic blood pressure mm Hg 20.00018 7.8a 20.00038 6.2b
Triglycerides mmol/liter 20.0052 4.1b
Total cholesterol mmol/liter 20.0042 12.1a 20.0094 12.9a
Alcohol intake 0.094 29.6a 0.018 22.3a
Age 20.016 3050.6a
Male gender 20.099 1043.0a 0.12 332.2a
Body mass index kg/m2 20.0011 5.9b 0.040 1572.8a
The sums of insulin and triglycerides were transformed to logarithms.
a P , 0.01, b P , 0.05
atherosclerosis, which developed on the basis of insulin
resistance.
We assessed renal function by using the reciprocal of
serum creatinine and creatinine clearance calculated by
the Cockcroft-Gault formula. Serum creatinine concen-
Fig. 2. Mean values of reciprocal of serum creatinine by the quartiles tration is inversely related to glomerular filtration rateof the sum of fasting and two-hour postload insulin levels. Values of
and is directly related to the amount of muscle mass.the sum of insulin from the first to fourth quartile are 36 to 125, 126
to 203, 204 to 317, and 318 to 2964 pmol/liter in men (j) and 36 to The Cockcroft-Gault formula is considered to have the
161, 162 to 239, 240 to 347, and 348 to 3186 pmol/liter in women (h). advantage of transforming serum creatinine to creatinine*P , 0.05 vs. the lowest quartile.
clearance controlled for the amount of muscle mass by
using age, sex, and body mass, and has been widely
accepted as the most consistent method for estimating
glomerular filtration rate. However, we could not find1988 [5], and it has been suggested that risk factors for
appropriate correlations between the calculated creati-atherosclerosis, especially coronary heart disease, includ-
nine clearance and some relevant factors; namely, seruming hypertension, obesity, dyslipidemia, glucose intoler-
insulins, diastolic blood pressure, and body mass indexance, and impaired fibrinolysis, were accumulated in the
were positively correlated with the creatinine clearancesame individual based on insulin resistance and compen-
in both sexes, whereas HDL cholesterol showed an in-satory hyperinsulinemia [15]. Our previous report also
verse correlation to it. Moreover, the positive simpleshowed that the serum insulin level was closely related to
correlation between the creatinine clearance and insulin
body mass index, hypertension, serum lipids, and glucose
was reversed after adjustment for other variables, espe-
intolerance in the same subjects as those of this study cially body mass index, in the multivariate analysis. This
[2]. These findings support the hypothesis that insulin seemed to occur because the estimated creatinine clear-
resistance plays a significant role in the cluster of risk ance had an unnaturally close relationship with body
factors for atherosclerosis in the general Japanese popu- mass index, as well as age, which distorted the relation-
lation. The correlation analysis in this study demon- ship of the creatinine clearance to other covariates.
strated that blood pressure, total cholesterol, LDL cho- These findings suggest that the Cockcroft-Gault formula,
lesterol, triglycerides, and body mass index were all which was derived from a clinical experiment with Cau-
negatively correlated with reciprocal of serum creatinine, casian subjects, is not suitable for Japanese population
and HDL cholesterol and alcohol intake showed positive because of variant constitutions among different races.
correlations with it. This pattern of risk factors is similar On the other hand, in our subjects, the reciprocal of
to that for coronary heart disease. Furthermore, multi- serum creatinine showed a significant negative correla-
variate regression analysis showed that in addition to tion with serum insulin and also showed reasonable cor-
total cholesterol and alcohol intake, serum insulin, as relations with other variables such as blood pressures
well as systolic blood pressure and triglycerides, re- and serum lipids. On the basis of these findings, the
mained a significant relevant factor of renal function. reciprocal of serum creatinine seems to be better than
The latter three risk factors are considered to be constit- the calculated creatinine clearance as a marker of renal
uents of insulin-resistance syndrome. These findings sug- function for our Japanese subjects. The reciprocal of
serum creatinine is a simple and precise method for esti-gest that renal function is closely associated with systemic
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mating glomerular filtration rate and has been shown to athy, the latter was supposed to be mild. In the early
stage of diabetic nephropathy, the glomerular filtrationhave a linear relationship to the deterioration of renal
function [16], although its accuracy is limited because rate increases and the serum creatinine level is kept at
a somewhat lower level because of increased creatininethere is no adjustment for amount of muscle mass. Thus,
in our subjects with normal renal function, the most clearance [22]. This might be another reason for the
absence of a significant correlation between renal func-important factor determining reciprocal of serum creati-
nine might be the amount of muscle mass—namely, the tion and plasma glucose levels in our study. Meanwhile,
Klein, Klein, and Moss showed in a 10-year follow-upmore skeletal muscle, the lower the reciprocal of serum
creatinine. However, skeletal muscle is one of the pri- survey of diabetic patients that the incidence of gross
proteinuria, but not the incidence of chronic renal fail-mary sites of insulin action, and insulin sensitivity is
determined mainly by both the number of insulin recep- ure, significantly increased with rising initial glycated
hemoglobin levels in non-insulin–dependent diabetic pa-tors and postreceptor activity in muscle tissue [15]. Exer-
cise is known to improve insulin sensitivity in skeletal tients, whereas the incidence of both proteinuria and
chronic renal failure significantly increased in insulin-muscle and can prevent or delay the onset of non-insulin–
dependent diabetes and hypertension [17]. People under dependent diabetics [23]. These findings and ours suggest
that factors other than the level of glycemia are impor-physical training or engaged in physical labor may have
increased muscle mass, and in those cases, serum insulin tant in the initiation and progression of renal dysfunction
in non-insulin–dependent diabetes.is lower due to decreased insulin resistance, but the se-
rum creatinine (the reciprocal of serum creatinine) level In conclusion, hyperinsulinemia is a significant rele-
vant factor of renal function in the general populationis somewhat high (low). Thus, the negative correlation
between serum insulin and the reciprocal of serum creati- after taking into account other relevant risk factors. Be-
cause of the cross-sectional design of this study, it isnine found in our study is considered not to be a result
from methodology bias (the use of the reciprocal of se- still unclear whether hyperinsulinemia is a cause of the
decline in renal function. Further prospective studiesrum creatinine as a marker of renal function), but there
is a possibility that the study findings underestimate the are needed to clarify the causative relationship between
hyperinsulinemia and renal function.true insulin-renal function relationship.
It is known that patients with chronic renal failure
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